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Description 

The invention relates to a manipulator device 
for the transfer of laser light into an optical fibre as 
defined in the precharacterising portion of Claim 1 
and comprises 

- supporting means for an optical fibre, 

- means for adjusting the position of the end 
face of the optical fibre in the axial direction 
(z-axis) of the fibre corresponding to the op- 
tical axis of the manipulator and in relation to 
a focused laser beam, 

- an optical system for the focusing of a laser 
beam arriving substantially axially at an end 
face of the optical fibre, 

- means for adjusting the spot of light provided 
by the focused laser beam on the end face of 
the fibre in two axial x- and y-directions per- 
pendicular to each other and to said z-axis, 
and 

- means for angularly adjusting the axial direc- 
tion of the fibre in relation to the axial direc- 
tion of the laser beam incident on the end 
face of the fibre. 

A manipulator device of the above mentioned 
type is disclosed in US patent No. 4,542,956. 

By passing laser light onto the end face of an 
optical fibre a series of demands to be satisfied are 
made with a view to obtain an optimum transferring 
efficiency, 

1 . The laser beam arriving from a laser source is 
to be focused on the fibre end face to a diam- 
eter corresponding to the diameter of the fibre 
core, with a precision within fractions of urn. 

2. The position of the focusing point in the 
longitudinal direction of the fibre - defined as the 
z-axis in a rectangular system of co-ordinates - 
is to be located at the end face of the fibre, with 
a precision within some few urn. 

3. The position of the focusing point in a plane 
perpendicular to the z-axis, i.e. an x-y-plane 
must coincide with the centre of the fibrous 
core, with a precision within fractions of urn. 

4. The angle between the end face of the fibre 
and the laser beam focused thereat - angle 
defined by its angular components 0 X and 0 y - 
should be of 90 • , within urad. 

5. The orientation between the polarization di- 
rection of the laser light and the polarization axis 
of the fibre should be within a few urad. 

In the known manipulator some of the above 
enumerated demands appear to be fulfilled - at any 
rate items 1 to 4 - by a structure in which a 
microscope objective coarsely adjustable in the 
axial z-direction is used for focusing on a holder 
and in which a separate fibre holder is used for fine 
z-, x- and y-adjustment of the end face of the fibre 
in relation to said objective, and in which the angle 



between the end face of the fibre and the laser 
beam is adjusted by tilting said two holders in 
relation to each other. 

It is well known that it may be extremely dif- 

5 ficult to effect a fine adjustment or minute trimming 
of various components of an optical system when 
different adjustment parameters, viz. x, y, z, 0 XI 0 y 
in the present case, affect each other so that a 
previously adjusted parameter changes as soon as 

10 another parameter is being adjusted. 

Moreover, the interspace between the objective 
and the end face of the fibre, ie. the focusing zone 
in the prior manipulator is freely accessible so that 
said known structure does not take additional pa- 

75 rameters into account that may influence the pass- 
ing efficiency, viz. temperature and vibration stabil- 
ity, humidity and dust on the objective and the end 
face of the fibre, and so on. 

The invention differs from the above prior art 

20 by the features of the characterising portion of 
Claim 1 . 

The basic idea of the invention was to make 
solely the fibre and/or the supporting means for the 
fibre and the optics coarsely and finely adjustable 

25 in the axial z-direction, while the adjusting functions 
of the parameters x, y, 0 Xl 0 y , in contradiction to the 
prior solution, have now been transferred to the 
glass member supporting tube that is x-y-displace- 
able and tiltable within the housing by means of the 

30 adjusting means. 

It is then possible - this will be explained more 
specifically later on in the description - to trim said 
five parameters (x, y, z, 0 X , 0 y ) mutually indepen- 
dently, and a very minute trimming is obtained by 

35 means of the optical body, since the beam moves 
only a little even in case of large movements of the 
glass body. 

Moreover, a series of advantages is obtained. 
Firstly, all of the active components of the manipu- 

40 lator are encapsulated within the housing and thus 
protected against physical influences from outside. 

A very light and compact structure constituted 
by a few components is obtained. 

Said maintaining means may advantageously 

45 consist in that the adjusting means are made from 
soft iron and that at least part of the supporting 
tube is magnetic. The magnetic force will thus 
maintain the supporting tube in contact with the 
adjusting means. 

so According to an advantageous embodiment of 
the invention a spring member may be positioned 
substantially in the bisecting plane between a plane 
including the x-axis and the z-axis and a plane 
including the y-axis and the z-axis, while the ad- 

55 justing means are located substantially in the first 
and second, respectively, of two planes (x,z), (y,z) 
on the opposite side of the supporting tube in 
relation to the spring member. This provides for 
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obtaining an essentially symmetrical, balanced 
structure in which the spring member offers a 
uniform counterforce to the adjusting means. 

The glass body may preferably have a sub- 
stantially plane beam input face and a substantially 
curved beam output face. 

A particularly advantageous embodiment of the 
invention may be characterized in that two of said 
adjusting means are located with their x-y-plane in 
coincidence with or substantially in coincidence 
with the main plane of the output face of the optical 
glass body, while two other of said adjusting 
means are located with their x-y-plane in the prox- 
imity of the input face of the glass body. 

Said embodiment in which the glass body with- 
in its supporting tube may be made to pivot about 
an axis perpendicular to the z-axis and coincident 
or substantially coincident with the main plane of 
the output face of the glass body, provides for 
obtaining a total or almost total decoupling between 
parameters x, y and d x , Q r 

The invention will now be explained in more 
detail with reference to the schemtical drawing, in 
which 

Fig. 1 is a principle diagram illustrating the 
passing of laser light onto an optical fibre, 
Fig. 2 is an axial section through a transferring 
manipulator device according to the invention, 
and 

Fig. 3 is a cross-section through part of the 
manipulator device according to the invention. 

Fig. 1 is a principle diagram for passing laser 
light into an optical fibre. 1 illustrates the optical 
fibre and 2 illustrates the light conducting core of 
the fibre having a diameter of e.g. 5u.m. 4 illus- 
trates focusing optics receiving a collimated laser 
beam 5 arriving in the direction shown by the arrow 
and passing, as illustrated at 3, a focused laser 
beam to the end face of the fibre. 

In respect of the following description a rectan- 
gular coordinate system is defined having a z-axis 
coinciding with the optical axis of the manipulator 
device, an x-axis located for instance in the plane 
of Fig. 2, and a y-axis extending perpendicularly to 
the plane of Fig. 2, cf. also Fig. 3. 

In order to obtain an optimal transfer efficiency 
there is a series of demands to be complied with, 

- the laser beam is to be focused to a diameter 
corresponding to the diameter of the fibre 
core, with a precision within fractions of urn, 

- the position of the focusing point in the lon- 
gitudinal direction of the fibre, i.e. in the axia 
z-direction, is to be located at the end face of 
the fibre, with a precision within a few urn, 

- the position of the focusing point in a plane 
perpendicular to the z-axis, i.e. in relation of 
the directions of x- and y-axes is to be lo- 
cated in the centre of the fibre, with a preci- 



sion within fractions of urn, 

- the angle between the end face of the fibre 
and the focused laser beam 3- angle defined 
hereinafter by its components 0 X and 0 y in 

5 relation to the x- and y-axes, resp., should be 

at right angles, within urad, and 

- the orientation of the polarization direction of 
the laser light in relation to the polarization 
axis (a) of the fibre should be within a few 

70 mrad. 

Fig. 2 is a longitudinal section through an em- 
bodiment of the transferring manipulator device ac- 
cording to the invention. The manipulator device is 
mounted on an optical bench (not shown) by 

75 means of a vertical supporting plate 6. The ma- 
nipulator device includes a housing 7 provided at 
its one end with a flange 8 which by screws 9 is 
tightened against the supporting plate 6. The sup- 
porting plate 6 has an aperture 10 for passing a 

20 laser beam 5 arriving from a laser. 

A supporting tube 1 1 for an optical glass body 
12 is accommodated in the interior of housing 7. At 
its end facing away from the supporting plate 6 the 
housing 7 is provided with a tube member 13 into 

25 which a plug member 14 is inserted. Said plug 
member 14 is tubular as shown and accommo- 
dates, on one hand, a beam focusing lens, viz. the 
previously mentioned optics 4 and, on the other 
hand, the fibre 1, 2 proper, the function of said plug 

30 member being explained later on. 

The housing 7 is further equipped with four 
screws, e.g. micrometer screws for the adjustment 
of the tube 11 supporting the glass body 12, viz. 
two screws in the x-plane (Fig. 2) with heads 15, 16 

35 in abutment against the supporting tube 11 and 
with associated fingerholds .17 and 18, resp., ac- 
cessible outside the housing and two similar 
screws in the y-plane (Fig. 3). Obviously, Fig. 3 
only shows the foremost of said two screws in the 

40 y-plane, the head 19 abutting against the support- 
ing tube 11 and with associated fingerhold 20 ac- 
cessible outside the housing, the second one of 
latter two screws in the y-plane being here located 
behind the drawing plane of Fig. 3. 

45 Referring again to Fig. 2 the x-adjusting screw 

15, 17 and the associated y-adjusting screw, not 
shown, are disposed in a plane perpendicular to 
the optical axis (z-axis) at the end of the supporting 
tube 1 1 located closest to the supporting plate 6, 

50 while the second x-adjusting screw 16, 18 and the 
associated y-adjusting screw 19, 20 (Fig. 3) are 
likewise disposed in a plane perpendicular to the 
optical axis (z-axis) at the end of the supporting 
tube 1 1 closest to the focusing lens 4. 

55 A spring member 21 made from metal, rubber 
or an elastomeric material is moreover located be- 
tween the housing 7 and the supporting tube 11; 
preferably midway between the first set of the x-y- 



5 



EP 0 306 220 B1 



6 



adjusting screws at one end of the supporting tube 
11 and the second set of x-y-adjusting screws 16, 
18; 19, 20 (Fig. 3) at the opposite end of the 
supporting tube 1 1 . 

With reference to Fig. 3 it will be seen that said 
spring member 21 is also centred in the bisecting 
plane between the x-plane and the y-plane, i.e. 
positioned on the opposite side of the supporting 
tube 11 in relation to the two sets of x-y-adjusting 
screws. Said spring member urges the supporting 
tube 1 1 against the four screw heads. 

Instead of the spring member an alternative 
solution is to make use of screws made from soft 
iron and a supporting tube 1 1 made from magnetic 
material so that the tubing is urged against the 
screws by the magnetic force. 

At the end of the plug member farthest off in 
relation to the supporting plate there is provided an 
adjusting ring 22 adapted to effect by rotation 
trimming of the polarization axis of the fibre relative 
to the polarization direction of the laser light and to 
effect by axial displacement a fine trimming of the 
position of the fibre end in the z-direction. 

As regards the glass body 12 accommodated 
within the supporting tube it is further observed that 
it has a plane or substantially plane input face for 
the arriving laser beam 5 and a curved plane 
output face for the laser beam passing onto the 
lens 4. 

The function mode of the manipulator device 
herein described will now be explained in detail. 

The arriving laser beam 5 is received by the 
input face of the glass body 12, penetrates the 
glass body, leaves the output face of the glass 
body, passes onto the focusing lens 4 and is 
focused by said lens at the end face of the optical 
fibre. By means of a measuring arrangement, not 
shown, including for instance light sensitive diodes 
or optical means connected to the fibre of the 
manipulator the light power is measured, the aim 
being to obtain a maximum light power corre- 
sponding to an optimum adjustment in the manipu- 
lator. 

A coarse adjustment in the z-direction is effec- 
ted by axiaily displacing the fibre 1, 2 in one 
direction or the other in plug member 14 in housing 
7 and fine adjustment by displacing the plug mem- 
ber 14 in relation to the tube member 13 and thus 
in relation to the housing 7. By means of screws 
16, 18; 19, 20 closest to the lens 4 a fine adjust- 
ment is effected in the x- and y-directions, the 
supporting tube 11 for the glass body 12 being 
thereby made to pivot against the force of the 
spring member 21 urging continuously the support- 
ing tube against the screw heads. 

By means of the second set of screws, viz. the 
x-screw 15, 17 and the associated y-screw (not 
shown) closest to the input face of the glass body 



the angle of the glass body is adjusted in relation 
to the z-axis, i.e. tilting of the glass body, still 
against the spring force of the spring member 21 . 
This provides for fine trimming of e x and 0 y . It is 

5 pointed out that there is no coupling between the 
angular adjustment and the adjustment of the x-y- 
position when tilting the glass body 1 1 in relation to 
the apex of its curved output face. 

It is further observed that the x-y-adjustment 

70 by screws 16, 18; 19, 20 at the end of the glass 
body 12 located closest to the focusing lens 4 will 
provide a weak coupling in relation to d x and 0 y , but 
by finally adjusting the second set of screws said 
coupling is eliminated. Axiaily fine adjustment (z- 

75 direction) and fine trimming of the polarization con- 
ditions are eventually effected by means of the 
adjusting ring 22. 

A manipulator device designed as specified 
above makes it possible to trim the five previously 

20 mentioned parameters mutually independently. Due 
to the shape of the optical, tiltable glass body 12 
with plane input face and curved output face a very 
minute trimming is obtained, since the beam only 
moves a little, even though the glass body per- 

25 forms a large movement. In reality, and by way of 
comparison with a mechanical construction without 
glass body, this provides for obtaining a gearing 
ratio that is more than ten times better. Per se, this 
implies moreover the supplementary advantage 

30 that due to the down-gearing effect of the glass 
body there is no need to make use of adjusting 
screws of very fine tolerances. 

Furthermore, the end face proper of the fibre is 
encapsulated behind the focusing lens and any 

35 optical and movable components are embedded 
within the housing and thus also protected. 

It should finally be noticed that the plug mem- 
ber 14 may be fully decoupled from the manipula- 
tor device and later on plugged in again and that a 

40 suitable pre-trimming with a suitable plugging-in 
efficiency is still ensured, possibly after a desired 
repeated fine trimming in the z-direction. 

Claims 

45 

1. A manipulator device for the transfer of light 
into an optical fibre, of the type comprising: 
supporting means (13, 14) for supporting the 
optical fibre (1 , 2); 
so an optical system (4) for focusing a laser beam 

(5) arriving substantially axiaily on an end sur- 
face of the optical fibre, 

first means (22) for adjusting the position of 
the end face of the optical fibre in the axial z- 
55 direction of the fibre corresponding to the op- 

tical axis of the optical system (4) and in 
relation to the focused laser beam; 
second means (16, 18; 19, 20) for adjusting the 
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spot of light provided by the focused laser 
beam on the end face of the fibre in x- and y- 
directions perpendicular to each other and to 
said z-axis; and 

said manipulator device being characterized in 
that it includes: 

third means (15, 17) for angularly adjusting the 
axial direction of the fibre in relation to the 
axial direction of the laser beam incident on 
the end face of the fibre; 
a housing (7) adapted to be located in the path 
of the laser beam (5) and provided with an 
inlet opening (10) for the arriving laser beam 
(5); 

an optical glass body (2); 
a supporting tube (11) accommodated in the 
housing and supporting the optical glass body 
(12) disposed on the z-axis; 
fourth means (21) which maintain the support- 
ing tube (11) in contact with the second and 
third adjusting means (15, 17; 16, 18; 19, 20) 
located respectively at either end of the sup- 
porting tube (11) and adapted to adjust the 
angular position and position in the x- and y- 
directions of the supporting tube (11) in rela- 
tion to the z-axis in housing (7); and further 
characterized in that 

the mainly tubular supporting means (14) is 
displaceable in the axial z-direction in relation 
to the housing (7) and supports the optical 
system (4). 

2. A manipulator device as claimed in claim 1, 
characterized in that said fourth maintaining 
means consist in that the adjusting means are 
made from soft iron and that at least part of 
the supporting tube (11) is magnetic. 

3. A manipulator device as claimed in claim 1, 
characterized in that a spring member (21) is 
positioned substantially in the bisecting plane 
between a plane including the x-axis and the z- 
axis and a plane including the y-axis and the z- 
axis, and that the second and third adjusting 
means are located substantially in the first and 
the second, respectively, of two planes (x,z), 
(y,z) on the opposite side of the supporting 
tube (11) in relation to the spring member (21) 
(Fig. 3). 

4. A manipulator device as claimed in claim 1, 
characterized in that the glass body (12) has a 
substantially plane beam input face and a sub- 
stantially curved beam output face. 

5. A manipulator device as claimed in claim 3, 
characterized in that the second and third ad- 
justing means are constituted by adjustable 



screws extending through the wall of the hous- 
ing (7) and directed towards the z-axis, one 
end (15,16,19) of said screws being in abut- 
ment against the supporting tube (11) and the 
5 other end (17,18,20) outside the housing being 

accessible for adjustment. 

6. A manipulator device as claimed in claim 5, 
characterized in that two (16,18; 19,20) of said 

10 second adjusting means are located with their 

x-y-plane in coincidence with or substantially in 
coincidence with the main plane of the output 
face of the optical glass body (12), while two 
other of said third adjusting means (15,17) are 

15 located with their x-y-plane in the proximity of 

the input face of the glass body (12). 

7. A manipulator device as claimed in any of the 
preceding claims, characterized in that the tu- 

20 bular supporting means (14) is rotatable about 

the z-axis. 

8. A manipulator device as claimed in any of the 
preceding claims, characterized in that the tu- 

25 bular supporting means (1 4) is adapted so that 

it may be removed from the housing and 
plugged in again. 

Patentanspruche 

30 

1. Manipulator zur Einkoppiung von Laserlicht in 
eine optische Faser, von der Art umfassend: 
Tragermittel (13, 14) fUr die optische Faser (1, 
2); 

35 ein optisches System (4) zum Fokussieren ei- 

nes hauptsachlich axial eintreffenden Laser- 
strahls (5) auf einer Endflache der optischen 
Faser, 

erste Mittel (22) zum Justieren der Position der 

40 Endflache der optischen Faser in der axialen 

z-Richtung der Faser entsprechend der opti- 
schen Achse des optischen Systems (4) und 
im Verhaltnis zu dem fokussierten Laserstrahl; 
zweite Mittel (16, 18; 19, 20) zum Justieren 

45 des von dem fokussierten Laserstrahl erzeug- 

ten Leuchtpunktes auf der Endflache der Faser 
in zueinander und zur z-Achse rechtwinkelige 
x- und y-Richtungen; wobei der Manipulator 
dadurch gekennzeichnet ist, dass er umfasst: 

50 dritte Mittel (15, 17) zur Winkeleinstellung der 

Achsenrichtung der Faser im Verhaltnis zur 
Achsenrichtung des auf die Endflache der Fa- 
ser auftreffenden Laserstrahls; 
ein zur Anbringung in die Bahn des Laser- 

55 strahls (5) vorgesehenes und mit einer Einlass- 

offnung (10) fUr den eintreffenden Laserstrahl 
(5) versehenes Gehause (7); 
einen optischen Glaskorper (12); 
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ein im Gehause vorgesehenes Tragrohr (11) 
fur den auf der z-Achse angeordneten opti- 
schen Glaskorper (12); 

vierte Mittel (21 ), die das Tragrohr (1 1 ) mit an 
dem einen bzw. an dem anderen Ende des 
Tragrohrs (11) angebrachten Justiermitteln (15, 
17; 16, 18; 19, 20) in Bertihrung halten und zur 
Justierung der Winkelposition und der Position 
in den x- und y-Richtungen des Tragrohres 
(11) im Verhaltnis zur z-Achse im Gehause (7) 
dienen; 

und ferner dadurch gekennzeichnet, dass 
das hauptsachlich rohrformige Tragermittel 
(14) in der axialen z-Richtung im Verhaltnis 
zum Gehause (7) verschiebbar ist und das 
optische System (4) tragt. 

2. Manipulator nach Anspruch 1, dadurch ge- 
kennzeichnet, dass die vierten Haltemittel 
darin bestehen, dass die Justiermittel aus wei- 
chem Eisen hergestellt sind, und dass zumin- 
dest ein Teil des Tragrohres (11) magnetisch 
ist. 

3. Manipulator nach Anspruch 1, dadurch ge- 
kennzeichnet, dass eine Feder (21) im we- 
sentlichen in der Halbierungsebene zwischen 
einer Ebene, welche die x-Achse und die z- 
Achse beinhaltet, und einer Ebene, die die y- 
Achse und die z-Achse beinhaltet, angeordnet 
ist, und dass die zweiten und dritten Justier- 
mittel hauptsachlich in der ersten bzw. der 
zweiten von zwei Ebenen (x, z), (y, z) auf der 
gegenuberliegenden Seite des Tragrohres (11) 
im Verhaltnis zur Feder (21) angebracht sind. 
(Fig. 3) 

4. Manipulator nach Anspruch 1, dadurch ge- 
kennzeichnet, dass der Glaskorper (12) eine 
im wesentlichen ebene Strahleneinlassflache 
und eine im wesentlichen gekrummte Strahlen- 
auslassflache aufweist. 

5. Manipulator nach Anspruch 3, dadurch ge- 
kennzeichnet, dass die zweiten und dritten 
Justiermittel durch die Gehausewand (7) und 
in Richtung zur z-Achse verlaufende einstellba- 
re Schrauben sind, wobei das eine Ende der 
Schrauben (15, 16, 19) gegen das Tragrohr 
(11) anliegt, wahrend das andere Ende (17, 18, 
20) ausserhalb des Gehauses fOr Justierung 
zuganglich ist. 

6. Manipulator nach Anspruch 5, dadurch ge- 
kennzeichnet, dass zwei (16, 18; 19, 20) der 
zweiten Justiermittel so angeordnet sind, dass 
deren x-y-Ebene mit der Hauptebene der Aus- 
lassflache des optischen Glaskorpers (12) zu- 



sammenfSllt oder im wesentlichen zusammen- 
fallt, wahrend zwei andere (15, 17) der dritten 
Justiermittel mit ihrer x-y-Ebene in der Nahe 
der Einlassflache des Glaskorpers (12) belie- 
5 gend angebracht sind. 

7. Manipulator nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, dass 
das rohrformige Tragermittel (14) urn die z- 
io Achse drehbar ist. 

a Manipulator nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, dass 
das rohrformige Tra'germittel (14) so ausgebil- 
75 det ist, dass es aus dem Gehause (7) heraus- 

genommen und in dieses wiederum eingesetzt 
werden kann. 

Revendications 

20 

1. Manipulateur pour le transfert de lumiere dans 
une fibre optique, du type comprenant: 
des moyens (13, 14) de support de la fibre 
optique (1 , 2), 

25 un systeme optique (4) de focalisation d'un 

faisceau laser (5) incident de fagon essentielle- 
ment axiale sur une face terminale de la fibre 
optique, 

des premiers moyens (22) de rSglage de la 
30 position de la face terminale de la fibre optique 

dans la direction axiale z de la fibre correspon- 
dent a Taxe optique du systeme optique (4) et 
par rapport au faisceau laser focalise, 
des seconds moyens (16,18; 19,20) de reglage 
35 du spot lumineux produit par le faisceau laser 

focalise sur la face terminale de la fibre, dans 
des directions x et y perpendiculaires Tune a 
Tautre et audit axe z, 

ledit manipulateur etant caracterise en ce qu'il 

40 comprend 

des troisiemes moyens (15, 17) de reglage 
angulaire de la direction axiale de la fibre par 
rapport a la direction axiale du faisceau laser 
incident sur la face terminale de la fibre, 

45 un bortier (7) congu pour etre place sur le 

trajet du faisceau laser (5) et pourvu d'une 
ouverture (10) d'entree du faisceau laser inci- 
dent (5), 

un corps de verre optique (12), 
so un tube de support (11) loge" dans le boitier et 

supportant le corps de verre optique (12) dis- 
pose suivant I'axe z, 

des quatriemes moyens (21) de maintien du 
tube de support (11) en contact avec les se- 
55 conds et troisiemes moyens de reglage (15,17; 

16,18; 19,20) situ^s aux deux extre"mit6s res- 
pectives du tube de support (11) et congus 
pour ajuster la position angulaire et la position 
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dans les directions x et y du tube de support 
(11) par rapport a I'axe z dans le boltier, et 
caracte>ise\ de plus, par le fait que le moyen 
essentiellement tubulaire de support (14) est 
deplagable suivant la directiob axiale z par 5 
rapport au boltier (7) et supporte le systeme 
optique (4). 



8. Manipulates selon Tune quelconque des re- 
vendications precedentes, caracteVise en ce 
que ie moyen tubulaire de support (14) est 
concu pour pouvoir etre extrait du boltier et 
r^enfiche* du nouveau. 



2. Manipulates selon la revendication 1 , caracte- 

rise en ce que iesdits quatriemes moyens de 10 
maintien consistent en ce que les moyens de 
reglage sont a base de fer doux et en ce qu'au 
moins une partie du tube de support (11) est 
magn&ique. 

75 

3. Manipulateur selon la revendication 1 , caract£- 
rise en ce qu'un organe a effet de ressort (21) 
esTsitue essentiellement dans le plan bisec- 
teur entre un plan contenant I'axe x et I'axe z 

et un plan contenant I'axe y et I'axe z, et en ce 20 
que les seconds et troisiemes moyens de re- 
glage sont essentiellement situ6s respective- 
ment dans le premier et dans le second des 
deux plans (x, z), (y, z) du cote* oppose* du 
tube de support (11) par rapport a I'organe a 25 
effet de ressort (21) (Fig. 3). 

4. Manipulateur selon la revendication 1 , caracte- 
rise* en ce que le corps de verre (12) a une 
surface d'entree de faisceau essentiellement 30 
plane et une surface de sortie de faisceau 
essentiellement incurvee. 



5. Manipulateur selon la revendication 3, caracte- 

rise* en ce que les seconds et troisiemes 35 
moyens de reglage sont constitues par des vis 
reliables qui s'£tendent a travers la paroi du 
boltier (7) et sont dirigees vers I'axe z, une 
extr^mite (15, 16, 19) desdites vis etant en 
appui contre le tube de support (11) et Pautre 40 
extremite (17, 28, 20) exterieure au boltier 
etant accessible pour reglage. 

6. Manipulateur selon la revendication 5, caracte- 

rise* en ce que deux (16,18; 19,20) desdits 45 
seconds moyens de reglage sont situes avec 
leur plan x-y en coincidence ou essentielle- 
ment en coincidence avec le plan principal de 
la face de sortie du corps de verre optique 
(12), tandis que les deux autres desdits troisie- 50 
mes moyens de reglage (15, 17) sont situes 
avec leur plan x-y a proximite de la face 
d'entrSe du corps de verre (12). 



7. Manipulateur selon Tune quelconque des re- 55 
vendications pr£c6dentes, caracteVise* en ce 
que le moyen tubulaire de support (14) est 
rotatif autour de I'axe z. 
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